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thread gloves a t ward visit; and protecting the hands with rubber 
gloves when opening abscesses, and such like (where fine work is 
seldom required); and washing off pus before it dries in, if it should 
touch the hands. Moreover, it is of grent importance to wash the 
hands very thoroughly at the end of even an aseptic operation, so as 
to leave no culture material upon them for the benefit of any chance 
organisms which they might pick up during the day. (2) That of 
rinsing the hands frequently during the course of an operation, and 
touching the wound with them as little as possible, using instruments 
instead. 

It will be seen from the preceding brief discussion of the subject 
that disinfection of the hands, as now understood, means trying to 
remove organisms from, rather than hoping to kill organisms in, the 
hands, and that improved methods running on this 'line still justify 
our operating with bare hands. At the same time it 'will have been 
evident tha t care and trouble at the operation is only one part, 
although a very important Olle, of the total number of precautions 
required to ensure success. 

THE INTERCOMMUNICABILITY OF HUMAN AND 
BOVINE TUBERCULOSIS.1 

By MAZYCK P. RAVENEL, M.D., Bacteriologist of the S tate 
Live-stock Sanitary Board of Pennsylvania. 

THE past decade has seen the awakening of a widespread interest in 
the study of tuberculosis, the spirit of Oriental fatalism which has for 
so long led us to view with equanimity the awful loss of life annually 
inflicted by this great white plague having g iven way to an active 
campaign against its ravages, a campaign so largely one of education, 
in which we strive to spread far and wide the fundamental fac ts that 
tuberculosis is a communicable disease, and, from that fact, prevent
able. If preventable, why.not prevented? W ith these precepts firmly 
implanted in the minds of the medical profession, as well as of the 
general public, we have reason to hope that each year will see a more 
careful study of the methods by which tuberculosis is spread and the 
means to be adopted for its prevention. On every hand societies 
for the preven~ion of tuberculosis are being formed, whose object is 
to teach the truth concern ing the disease and to dispel those false 
notions, chief among which may be mentioned belief in the hereditary 
character of tuberculosis, which in the past have led us to regard the 
tribute of human life as inevitable. 

The intelligent prophy laxis against any disease demands a thorough 
understand ing of the methods by which it is spread. The whole world 
is in accord in assigning the chief role in the propagation of tubercu
losis to the inhalation of particles of sputum thrown off by phthisical 
persons, the majority of the profession agreeing with Cornet in the 
belief that sputum is most dangerous when dried and pulverised, 
while others fo llow FlUgge in regarding the moist fl oating particles 

1 An Address delivered at the Annual Oonver,mtional Meeting of the Pathological Sociel.y of 
Philadelphia on Thursday evening, 24th April 1902. Reprinted from the" University of P enn
sylvania ]\fedical Bulletin ," ]\fay 1\102. 
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thrown out during coughing, sneezing, etc., as most to be feared. 
The danger to mankind from tuberculosis of cattle has been discussed 
at a length and with a fervour not surpassed in the history of modern 
medicine. The immense practical importance of the subject to the 
medical profession, to those charged with making and enforcing laws 
for the preservation of the health of the community, no. less than to 
every man, woman, and child, justifies our deepest interest and most 
earnest studies. 

The relation that exists between human and bovine tuberculosis, 
and the part played by cattle in spreading the disease among man
kind, is now the great question, to which attention has been drawn 
with renewed activity by the attitude of Prof. Koch, announced in 
his paper before the British Congress on Tuberculosis, in July I 90 1. 
This paper was the more striking in that it contained statements 
diametrically opposed to the former teaching of Koch that" Bovine 
tuberculosis is identical with human tuberculosis, and is thus a disease 
transmissible to man." 1 This belief was the outcome of the experi
ments made by Koch at the time of his discovery of the tubercle 
bacillus, and has been generally accepted by the medical and veter
inary professions up to the present time. So much has been written 
of late on the subject that I will pass over minor differences of 
opinion and at once take up the consideration of the two main pro
positions which were formulated by Koch, and which include all 
points of controversy in the discussion of tht'! relation between human 
and bovine tuberculosi s. 

1. "Human tuberculosis differs from bovine and cannot be trans
mitted to cattle." 

I I. "Though the important question whether man is susceptible 
to bovine tuberculosis at all is not yet absolutely decided, and will 
not admit of absolute decision to-day or to-morrow, one is, neverthe
less, already at liberty to say that if such a susceptibility really exists 
the infection of human beings is but a very rare occurrence. I should 
estimate the extent of infection by the milk and flesh of tuberculous 
cattl e, and the butter made of this milk, as hardly greater than that 
of hereditary transmission, and, therefore, do not deem it advisable to 
~ake any measures against it." 

I. The first of these propositions is susceptible of direct experi
mental investigation, and can, therefore, be answered positively with
out going into the domain of theory. Prof. Koch based this statement 
on the result of an insufficient number of experiments done by Prof. 
Shlitz and himself. A number of young cattle proved to be free from 
tuberculosis by the tuberculin test were infected in various ways with 
the bacilli of human origin or with tubercular. sputum. "In some 
cases the tubercle bacilli .or the sputum were injected under the skin, 
in others into the peritoneal cavity, in others into the jugular vein. 
Six animals were fed with tubercular sputum almost daily for seven 
or eight months; four repeatedly inhaled g reat quantities of bacilli , 
which were distributed in water and scattered with it in the form of 
spray. K one of these cattle (there were nineteen of them) showed 
any symptoms of disease, ,lI1d they gained considerably in weight." 
After six to eight months they were killed, and no trace of di sease 
was found in the internal organs. vVhere the injections were made 

. 1 Koch: "Berliner klin. Wochenschr.," 1582, p. 2:30 
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small foci of suppuration had formed, in which there were found a 
few bacilli. 

Inoculations of a similar nature with bacilli from the lungs of an 
animal with bovine tuberculosis resulted always in rapid illness, 
ending often in death, while some were killed in a miserably sick 
condition after three months. In all cases there was extensive 
tuberculosis, involving the internal organs, especially the lungs and 
spleen. 

A similar difference in pathogenic power was found in feeding 
experiments on· pigs, where one lot of six received human tubercular 
sputum, and a second lot of six were given pure cultures -of the 
bovine tubercle bacillus; and also in experiments on asses, sheep, 
and goats, where the inoculations were made with pure cultures of 
human and bovine bacilli into the circulation. 

Results similar to these in the main have been obtained bv Smith,! 
Frothingham, Dinwiddie.2 and at the laboratory of the St~te Live
stock Sanitary Board of Pennsylvania,3 and we may admit that, as 
a rule, cattle show a high degree of resistance to the human tubercle 
bacillus, and tl;!at for all experimental animals the bovine bacillus has 
a pathogenic power equal to the human bacillus, while for the great 
majority it is vastly more pathogenic; but this does not by any 
means show that man is not susceptible to infection by the bovine 
organism, and we have abundant proof that it is quite possible to 
infect cattle with the tubercle bacillus from human sources. 

The identity of tuberculosis as seen in man and in cattle was held 
by Villemin, who believed he had proved the correctness of this view 
in his inoculation experiments, by which he showed conclusively that 
small animals like rabbits became tuberculous following the injection 
of material from man as well as cattle. Chauveau 4 was, however, the 
first to make the attempt to infect cattle with tubercular material 
from man, and his success is shown in the following abstract of his 
experiments :-

First Series. Infection b)' tIle Digestz've Tract.-Three animals were 
used, and as controls there were three other similar animals which 
were infected with bovine material, and also three which were not 
infected at all, these last remaining free from tuberculosis. Those to 
which bovine material had been fed as well as those which received 
human material became tuberculous. At the autopsy it was impos
sible to distinguish one set from the other. In all of them the lesions 
provoked showed the same character. The individual histories of the 
three animals infected with human material are as follows :-

(I) A heifer, six months -old, which received material from the 
lung of a young man dead of acute miliary tuberculosis. Two doses 
of an emulsion of this material were given .morning and evening of 
the same day. It was killed on the fifty-seventh day, having lost 
flesh to a slight degree. The lesions were found almost exclusively 
in the abdominal cavity. In the small intestine there were more than 
two hundred tubercles, varying from the size of a pea to that of the 
head of a pin. The liver contained upward of a dozen small tuber-

1 Smith: "JouMlal of Experimental Medicine," 1898, Vol. III., Nos. 4 and 5. . 
2 Dinwiddie: Arkansas Agricultural Experiment Station, Bulletin No. 57. June 1899. 
3 Ravenel: "Lancet," London, 10th and 17th August, 1901; "University of Pennsylvania 

Medical Bulletin," September 1901. 
4 Chauveau: "Congres pour l'etude de la Tuberculose," Paris, 1891, p. 51. 
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cular masses on its surface. The peritoneum showed a marked 
eruption of tubercles. 

(2) A heifer, eleven months old, which received two feedings with 
an interval of two days, the material being taken in part from the 
lung of a child with acute miliary tuberculosis and in part from the 
lung of an adult with a marked chronic phthisis with caseation. The 
animal soon became sick, and during life tuberculosis could be de
tected. The submaxillary ganglion on the right side became enlarged 
about the fifteenth day, and increased steadily until the animal was 
killed on the fifty-ninth day. The intestinal tract was only slightly 
involved, but the ganglia related to the first portion of the digestive 
tract showed marked lesions. The right submaxillary and the retro
pharyngeal glands were considerably enlarged, and showed a typical 
tuberculosis with 'some calcification. The principal lesions were found 
in the thoracic cavity. In the lung were a dozen disseminated foci, 
mostly superficial, most of which showed caseous points on section. 
Microscopical examination showed them to be made up of a great. 
quantity of lymphoid cells, with some giant cells. In the neighbour
hood of these masses, and also in areas far from them, were found 
diffuse tubercles developing in the alveolar tissue, as well as in 
the perivascular and peribronchial connective tissue. These young 
lesions showed exactly the same histological structure as the larger 
ones. The bronchial and mediastinal glands were also markedly 
involved. 

(3) A young bull, about ten months old, which received two feed
ings on two consecutive days, composed of an emulsion made from 
the lung of two persons who had died of chronic phthisis (caseous 
pneumonia). After a diarrhcea which lasted several days the animal 
showed marked illness, and lost flesh. It soon began to cough, and 
so marked were the symptoms that it was slaughtered on the thirty
fourth day. In the small intestine there was a marked eruption of 
tubercles extending from about the second portion of the jejunum 
to the end of the ileum. In certain portions the mucous membrane 
was converted into confluent tubercles. The most interesting lesions 
were found on the mucous membrane of the respiratory tract. In the 
larynx and the upper part of the trachea were found masses of gray 
granulations, a few of which were red and ulcerated. 

Second Series. Infection by Intravenous Injection.-A calf, three 
months old, was inoculated into the jugular vein with 2 cc. of an 
emulsion made from the lung of a child with acute miliary tuber
culosis. It was killed on the twenty-ninth day. The lesions were 
confined to the chest, the bronchial and mediastinal ganglia showing 
the most marked changes. In the lung, on section, there were found 
well-marked gray granulations accumulated in the interior or around 
the small bronchi, which they sometimes occluded entirely. This was 
well seen with the naked eye, but was better demonstrated in micro-
scopical sections. . 

Tltird Series. Infection by Subcutaneous Inoculation.-Seven animals 
were inoculated. For three animals the material used was obtained 
from fungus masses from the joints in cases of white swelling; for 
three others from acute miliary tuberculosis; and in one from the 
lung of a horse which had developed a marked pulmonary tuber
culosis due to the intravenous injection of material from the lung of 
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a man. In all cases a tumour developed at the point of inoculation, 
which Chauveau describes as being a tuberculous tUITlouraltogether 
typical. The neighbouring glands showed always more or less in
volvement, but in no case was there any general infection. 

I have quoted these, experiments at some length for the reason that 
they seem often to be overlooked, and for the further reason that they 
have recently been directly misquoted. Indeed, Koch. himself said 
in his address before the British Congress on Tuberculosis, " If one 
studies the older literature of the subject, and collects the reports of 
the numerous experiments that were made in former .times by 
Chauveau, Gunther and Harms, Bollinger, and others, who fed calves, 
swine, and goats with tubercular material, one finds that the animals 
that were fed with the milk and pieces of the lungs of tubercular 
cattle always fell ill of tuberculosis, whereas those that received 
human material with their food did not." 

Bollinger,l in 1879, inoculated a young calf in the peritoneal cavity 
with material from a human lung. Wlfen killed after seven months 
the mesentery and peritoneal covering of the spleen presented a 
number of tumours from the size, of a pea to that of a walnut; and 
which microscopically were iden'tical with those found in pearly 
disease under natural conditions. The retroperitoneal and mesenteric 
glands were tuberculous also. 

Klebs 2 caused a tuberculosis of the peritoneum identical with what 
is seen under natural conditions by the intraperitoneal injection of 
human tubercular material. Kitt,3 also, is quoted by Professor Johne 
as having had a similar result accompanied with generalised lesions 
following the intraperitoneal injection of the juice from a scrofulous 
gland taken from the neck of a man. 

Crookshank4 injected tuberculous sputum into the peritoneal 
cavity of a calf, causing death on the forty-second day. The autopsy 
revealed extensive disease. "Extending over the mesentery from 
the point (inoculation) there were hundreds of wart-like, fleshy new 
growths, some quite irregular in form, others spherical or button 
shaped. There were similar deposits on the under surface of the 
liver, on the spleen, in the gastrosplenic omentum, and on the peri
toneal surface of the diaphragm. On microscopical examination 
extremely minute tubercles were found disseminated throughout the 
lungs and liver. Tubercle bacilli were found in these organs and in 
the peritoneal deposits." . 

Sydney Martin 5 fed human tuberculous sputum to six calves. 
Four of these received each 70 cc. mixed with their food at one meal. 
They were killed after thrity-three, sixty-three, eighty-five, and two 
hundred and eighty-five days. The first three showed respectively 
fifty-three, sixty-three, and thirteen tubercular nodules in the in
testine, whil~ the fourth was entirely free. The two other calves 
were given 440 cc. of sputum at one feeding. One was killed after 
fifty-six days, and showed tuberculosis of the intestine and mesenteric 
gland. The other was allowed to live one hundred' and thirty-eight 
days, and was free from disease when killed. 

1 Bollinger: "Mtinchener med. 'Vochenschr,," 1894, No.5. 
2 Klebs: "Vircbow's Archives," Band XLIX., p. 292. 
3 Kitt, quoted by Strauss: "La Tuberculose et son Bacille," p. 293. 
4 Crookshank: "Transactions of Pathological Society of London," 1891. 
.5 Mfutin: "Report of the Royal Commission on Tuberculosis, " 1895. 
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At the recent Congress on Tuberculosis, Professor Thomassen,! 
of Utrecht, reported the following experiment: A calf, four weeks 
old, was inoculated in the anterior chamber of the eye with a pure 
culture of the tubercle bacillus isolated from a case of tuberculous 
arthritis in man. An intense keratitis was set up, the cornea be
coming so opaque that it was impossible to observe the alteration in 
the iris. It was killed after six weeks, and was found to be the 
victim of a pretty well generalised tuberculosis. Both lungs con
tained numerous miliary tubercles and some gray fibrous tubercles 
of larger size. The path of infection from the eye to the lung was 
mapped out by the condition of the subparotideal, cervical, mediastinal, 
and bronchial lymph glands of the same side. 

:N" ocard 2 states that by inoculation into the arachnoid cavity of a 
small amount of human tubercle bacilli a rapidly fatal tubercular 
meningitis is set up identical with that seen in children. A calf, five 
months old, was thus inoculated by him on 2nd August 1901, and 
died on the 28th of the same month, the pia mater being infiltrated 
with tubercles which proved virulent for guinea-pigs. 

On the same day Nocard injected into the jugular of a cow which 
had become much reduced by chronic. diarrhoea, but which was free 
from tuberculosis as shown by the tuberculin test, I cc. of a suspen
sion of human bacilli. She died 4th September, and showed a 
number of small foci, softened or caseous and extremely rich in 
tubercle bacilli. He considers that in this case the animal was so 
weakened by the pre-existing diarrhoea that its normal resistance was 
largely destroyed. 

De J ong,3 as the result of a series of comparative inoculations of 
human and bovine tubercle bacilli, states that seven cattle, namely, 
two calves six months old, three steers two years old and one eighteen 
months, and one calf seven or eight months old, all became tuber
culous by the injection of pure cultures of the human tubercle bacillus. 
In only one of the seven was the disease grave and widespread; in 
four the lesions were retrogressive, and in the two remaining ones 
progressive. 

Arloing 4 reports the following recent experiments: Three cultures 
of human origin were used, one of which had been under cultivation 
since 1896. With this culture a heifer, two years old, and a young 
calf were inoculated intravenously. The calf was killed after thirty
two days, and showed a typical eruption of minute tubercles all 
through both lungs, but especially marked in the anterior lobes. 
The heifer was kept for one hundred and twenty days, and was only 
slightly diseased, the lungs and pleura! being involved. With the 
second culture, obtained from a case of pleurisy, a calf two and one
half months old was inoculated intravenously. Death ensued after 
seventeen days. The lungs alone were involved, showing many 
young nodules. The third culture was isolated from a case of 
pleuropericarditis, with involvement of the lungs, and with this a 
young bull convalescent from aphthous fever was inoculated intra
venously, death resulting in thirty-two days. The thoracic cavity 

1 Thomassen: "Journal of Comparative Pathology and Therapeutics," September 1901, 
Vol. XIV., Po-·? 1 259. 

2 Nocard:' l .. a Revue Veterinaire," 1st January 1902, p. 49. 
a De Jong: "La Semaine l\Iedicale," 15th January 1902. 

Adoing: "Bull. Acad. de ~Iedecille," Paris, December 1901. 
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was principally involved, the anterior and middle lobes containing 
nodules throughout, and some lobules of the posterior lobes also. 
The bronchial and cesophageal glands were tremendously enlarged, 
weighing thirty-five kilogrammes. 

I t may be objected to many of these experiments that the tuber
culosis resulting from the inoculation did not cause death nor even 
serious illness, and it is probable that some of the animals would 
have recovered entirely if allowed to live. Admitting freely the truth 
of this, it may be pointed out that under natural conditions many 
cattle infected with bovine tuberculosis will remain for years appar
ently in perfect health, so much so that detection of the disease is 
possible only by means of tuberculin. So, also, in man, many cases 
of tuberculosis run a benign course, or remain stationary for years, 
while not a few end in recovery. Yet, in man and in animals these 
benign cases may take on an acute form and end in rapid death, 
owing to some intercurrent affection which lowers resistance or 
permits the engrafting of a secondary infection. No one would hold 
that because of the benign course of the disease in the first instance 
that true tuberculosis did not exist. 

Transmission of Tuberculosis to Cattle from PJltht'sical Attendants.
There are on record a few instances of cattle becoming infected with 
tuberculosis through the sputum of phthisical attendants. In several 
of these the evidence is so clear as to leave no doubt that cattle are 
at times infected in this manner. Such instances have been reported 
by Cozette,1 Cliquet,2 Huon,3 Director of the vaccine laboratory at 
Marseilles, and Bang.4 In most of these cases the sputum was in
troduced into the digestive tract with the forage, as well as inhaled 
in the dry state, but in Huon's animal the infection seems to have 
been entirely through inhalation. 

Experiments at the Laboratory of the State Live-stock Sanitary 
Board.-I come now to speak of the work done at the laboratory of 
the State Live-stock Sanitary Board, the results of which you see 
illustrated in the specimens presented here for your inspection and 
study. I cannot but feel that these specimens possess an unusual 
interest and importance in the solution of a problem which is now 
engaging the attention of scientific men throughout the world, and 
which has been made the subject of special investigation by the 
governments of many countries. Our first successful attempt to 
infect cattle with human tuberculosis was made in 1898, when four 
calves of nearly the same age, four to five weeks old, received intra
peritoneally 10 cc. of human tuberculous sputum, from different 
sources, but in all cases containing a large number of bacilli. One 
showed no ill effects except a slight rise in temperature, and the 
autopsy was entirely negative. Of the other three, two had per
sistent high temperature following the injection, but only one showed 
marked illness otherwise. Post-mortem examination proved that all 
had become infected with tuberculosis, the lesions in two being quite 
extensive. 

1 Cozette: "Bull. de la Soc. Centrale de l\[ed. Vet.," 1894, p. 451. Quoted by Nocal'd and 
Leclainche. -

2 Cliquet: Congr". de Soc. Savante. a Nancy, "La Revue Vet.," 1st June 1901, p. 409. 
3 Huon: "Congres pour l'etude de la Tuberculose," Pari, 1898, p. 792. 
4 Bang: "Deutsche Zeitschrift f. Thiermedicin," etc., Band. XVIII., p. 364. Quoted by 

Strauss, "La Tuberculose et son Bacille." 
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I will give here the details of only the one which showed marked 
illness during life. The lesions were so extensive and typical that 
even the most sceptical must admit the success of the experiment, 
and I have here some of the organs for inspection. 

Calf No. 8050, aged four weeks, was inoculated on 16th May 1898 
with sputum from an early case of pulmonary tuberculosis at the 
University Hospital. The sputum contained a large number of 
tubercle bacilli. Soon after the operation the temperature of the 
calf rose and continued high, with some remissions until it was killed. 
Its appearance was bad, the coat dry and rough, the respiration 
rapid. It was tested with tuberculin, but the temperature was too 
high for results. It was killed on 1st August, weighing 190 Ibs. On 
the surface of both lungs there was a slight deposit of fibrin, and on 
section a number of hzemorrhagic areas were observed in both. The 
mediastinal and bronchial glands were enlarge.;;! and congested. The 
abdominal cavity contained about 12 ounces of bloody serum. 
The peritoneum was thickly studded over its entire surface with 
nodules from I m. to 12 m. in diameter, fibrous in character. In 
many places these nodules had massed together, forming tumours, 
some 5 c. in diameter, which were dense and fibrous. The spleel' 
contained many nodules, both on its surface and throughout its 
substance. The whole omentum was thickly studded with nodules 
from 2 m. to 12 m. in diameter, and besides which there were three 
large masses, dense and fibrous in character, two of which were 
15 c. long by 7 c. wide, and 12m. thick; and the third 7 c. long by 
6 c. wide, by 4 c.thiclc The abdominal surface of the diaphragm 
was thickly studded with nodules, fibrous in character. The mesen
tery was thickened, and contained many nodules' of smaIl size. The 
appearance was that of a typical case of grape or pearl disease. The 
mesenteric and mediastinal glands were enlarged and somewhat 
caseous. 

For several years past we have endeavoured to obtain material 
from cases of tuberculosis in children in which there was evidence of 
infection through the alimentary tract, reasoning that if children 
contracted tuberculosis through the ingestion of milk from diseased 
cattle we would be most apt to find bacilli of the bovine type in these 
intestinal or mesenteric lesions. So far only three such cases have 
come to us, all through the kindly interest of Dr Alfred Hand, and 
in only one of these was the evidence of primary intestinal infection 
clear. We have isolated from the mesenteric gland of this child, the 
immediate cause of whose death was tubercular meningitis, a culture 
which has for cattl~ the most intense pathogenic power. Two calves 
inoculated into the jugular vein and peritoneal cavity died in nine
teen and twenty-seven days respectively, and a grown cow which 
was inoculated both in the jugular vein and peritoneal cavity died in 
eighteen days. All of these animals showed marked symptoms 
from the day of inoculation. Examination of the lesions, both 
macroscopical and microscopical, leaves no doubt that the animals 
succumbed to pure tuberculosis. The details of these cases are as 
follows :-

Histor)! of Culture.-Designation BB. Obtained from a child 
seventeen months old. Death was due to tubercular meningitis. 
Autopsy: Lungs normal, except posterior part of right upper lobe, 
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which was consolidated, red on section, and had excess of connective 
tissue. Bronchial and mediastinal glands not enlarged. Spleen, 
liver, and kidneys show pearly tubercles. Two feet from lower end 
of ileum is an ulcer 1 c. by 2 c., the long diameter tranverse to axis 
of gut. Nodules are seen on peritoneal surface. Four small ulcers, 
two above and two below, are found in ileum. Mesenteric glands 
enlarged, cheesy, and some purulent. Meninges show yellow tubercles 
most marked along longitudinal fissure, in choroid plexus, and over 
cerebellum. The mesenteric glands were used in obtaining the 
culture. 

This case is considered by Dr Hand the clearest one of primary 
intestinal tuberculosis ever seen by him. 

Guinea-pigs were inoculated intraperitoneally with an emulsion 
made from the mesenteric glands on 9th March 1901. One was 
chloroformed on 19th April and cultures made. Scanty growth on 
one tube was found 8th June, and subcultures made. 

Calf No. 26,596, weight 132 Ibs. Tested with tuberculin, but gave 
no reaction. On 4th December 1901, 5 cc. of a suspension of the 
fifth and s ixth generation of Culture BB was injected into the right 
jugular vein. On the next day the temperature had risen 103·2" F. 
After a slight remission it rose to 103° F. on the seventh day after 
inoculation, and continued to rise each day, reaching 106·4° F. by 
the fourteenth day, after which-it fell slightly until death, which took 
place on 21st December, seventeen days after inoculation. The 
animal showed marked illness during life, the respiration reaching 
68 per minute. 

Autopsy.-The lungs and the related glands showed macroscopi
cally the most marked disease. Both lungs were thickly studded 
throughout, with remarkable uniformity, with miliary nodules, giving 
a sandy feel under the finger. The left was pneumonic, owing to the 
position of the calf for some time before death. Portions of the right 
were in a similar condition, sinking when placed in water. The 
bronchial and mediastinal glands were much enlarged anq soft, and 
in the former small areas of caseation were found. 

The liver was large, ~oft, and friable. Several nodules were visible 
on the surface, though not perceptible to the touch. The spleen 
showed very slight changes. The kidneys were normal. 

Calf No. 26597, weight 202 Ibs. Tested with tuberculin, and gave 
no reaction . On 4th December 1901,5 cc. of a suspension of culture 
BB of the fifth and sixth generations were injected into the peritoneal 
cavity. The temperature rose to 105"20 F. by the eighth day after 
injection, remaining very nearly the same until four days before death, 
when it began to fall and reached 103 0 F. on the day before death, 
which took place on 31st December, or twenty-seven days from the 
time of inoculation. 

Autopsy.-Great emaciation. Loss in weight 37 Ibs. The lungs 
were largely involved, though not uniformly. The central and 
posterior portions showed many areas deep red in colour 'and solid 
to the feel. These were thickly studded throughout with minute 
greyish nodules. 

The suprasternal lymph glands were as large as goose eggs, and 
contained cheesy areas. The mediastinal glands were much enlarged, 
one bein!:'; 6 inches in length by 2 inches in diameter. The peritoneal 



GENERAL ARTICLES. 121 

cavity contained about 6 quarts of straw-coloured fluid. The peri
toneum was everywhere enormously thickened, and practically con
verted into a tuberculous mass. In several places it was one-half an 
inch thick and fibrous. The omentum was also enormously thickened 
and bound over the surface of the liver. It contained a great number 
of nodules, dense and fibrous, many with caseous centres. The liver 
was firmly adherent to the diaphragm, and on section showed many 
nodules. The spleen was firmly attached to the surrounding parts by 
a mass of partly organised fibrin, which contained many cheesy 
nodules. On section it appeared to be normal. 

Cow No. 45030, about three years old, and weighing 660 lbs. On 
22nd January 1902, 2~ cc, of a suspension of culture BR of the seventh 
and eighth generations were injected into the right jugular vein and 
the same amount into the peritoneal cavity, The temperature rose to 
103'2° F. on the second day, then fell slightly during the next six 
days, after which it rose steadily, reaching the maximum 107° F. 
three days before death, after which it fell slightly, the animal dying 
seventeen days after inoculation. The lungs were mostly involved, 
both being thickly studded throughout with miliary nodules. Most 
of the left lung showed interlobular emphysema, while the inferior 
portion was much congested. On the omentum were numerous dark 
red spots which could be felt between the fingers. The spieen was 
adherent to the diaphragm, and there were many punctate ha:morr
hages on the surface. The liver and kidneys showed no gross 
changes. 

\Vhat interpretation is to be given to these remarkable results? 
One of two propositions must be admitted; either we have found 
a human tubercle bacillus having a pathogenic power for cattle quite 
as great as any bovine germ, or else we have found in the mesenteric 
gland of the child the bovine tubercle bacillus. If we accept the law 
of diagnosis laid down by Koch, namely, the inoculation test, the latter 
is the true explanation. I, myself, am strongly of the opinion that this 
latter is the case for the following reasons ;-

(I.) The history of the case as given by Dr Hand, primary intestinal 
infection. 

(2). Morphologically and culturally the organism corresponds more 
nearly to the bovine type as first defined by Dr Theobald Smith, and 
later by ourselves, than the human. 

(3). The great pathogenic power for cattle. 

A second culture obtained from the mesenteric glands of a child has 
shown a virulence far in excess of that usually found in human cultures, 
though it falls short of culture BB in pathogenic power. This culture, 
designated U, was isolated in December I 900, and tested for guinea
pigs and rabbits. The results, together with its manner of growing 
and microscopical appearance, led us to consider it a typical human 
culture. During the summer of 1901 it was selected for some feeding 
experiments on puppies, and showed a degree of virulence that was 
not expected. In December last, wishing to produce a slow tubercu
losis in a dog, this culture was again employed. The dog grew ill 
rapidly, and died in January, thirty-six days from the time of inocula
tion. 

Post-mortem examination revealed a typical and extensive tubercu-
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losis, and it was decided to inoculate a calf in order to test its virulence 
for the bovine race. 

On 4th March 1902, Calf No. A45046, weighing 74 Ibs. was inocu
lated in the jugular vein with 6 cc. of a suspension of culture U, of the 
twelfth generation, from glycerin agar, the suspension being equal in 
opacity to a twenty-foUl-hour-old culture of the typhoid bacillus in 
bouillon. The animal soon showed signs of illness, the breathing 
became rapid and laboured, reaching 54 per minute: E:ctreme 
weakness and depression came on, and it passed much of the time 
lying down. On I9th April I902, it was killed, death being imminent. 

Autopsy.-Weight 82 Ibs. Condition fair. The anterior lobes of 
both lungs were thickly studded with minute nodules, averaging I m. 
in diameter. Blocks from these lobes sank in water immediately. 
Both lungs were dense and solid to the feel throughout. The pos
terior lobes were air-bearing for the most part, but contained many 
solidified areas, which could be seen on the surface as well as on 
section. 

The bronchial and mediastinal glands were enlarged and wet. 
Scrapings from cut surfaces show an enormous number of tubercle 
bacilli. In the mediastinal glands many yellowish lobules were seen. 
The pleura: were normal. The liver was enlarged and firm to the 
touch. No distinct nodules could be seen by the naked eye, but 
throughout the substance yellowish areas were found in large 
numbers. The surface appeared marbled. 

The spleen was enlarged and very firm, but no nodules could be 
detected . The kidneys showed numerous whitish areas on the surface, 
which were found to extend quite deeply into the cortex. On section 
many yellowish lobules were seen. The tissues of the kidneys were 
much stained with bile, and the pelvis contained a gelatinous or viscous 
material showing the same pigment. The peritoneum was normal. 

llficroscopical E.xamination. - The solidified portions of the lungs 
contained large areas which are not air-bearing, the alveoli being 
completely filled with leucocytes and epithelium, or epithelioid cells. 
The small bronchi are filled by an exudate made up largely of Jeuco
cytes. The central portions of the nodules stain poorly, and fragmen
tation of the nuclei of the cells is seen, but no distinct caseation ' can 
be found. In sections stained with carbol-fuchsin innumerable tubercle 
bacilli are seen. In other parts of the lungs which are still largely air
bearing minute nodules are found in large numbers, having the same 
general characteristics as those just described. Throughout the sections 
many tubercle bacilli are seen, and in the nodules they are in clusters. 
In the liver no typical tubercles are found, but there are many minute 
nodules made up of round cells, and on the borders of these a COI1-

siderable number of giant cells with peripheral nuclei occur. Sections 
stained with carbol-fuchsin show large numbers of tubercle bacilli 
clustered in these areas. 

The spleen shows round-cell infiltration, giant cells, and many 
tubercle bacilli. 

The white areas in the kidney described above show a round-cell 
infiltration and large numbers of tubercle bacilli. The bronchial,glands 
show areas of begintting caseation, a few giant cells, and innumerable 
tubercle bacilli. 

This calf showed a well-marked tuberculosis, proving that the 
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culture with which it was inoculated had a degree of virulence above 
that usually found in cultures of human origin. Our experience with 
this culture leads us to believe that the usual method of employing 
only guinea-pigs and rabbits in testing the virulence of the tubercle 
bacillus does not ahvays give entirely conclusive results. U nfor
tunately, the expense attending the use of larger animals hinders their 
more general employment. 

History o.f Culture U.-Obtained from a child three years of age, 
whose death was due to tubercular meningitis. 

Autopsy.-Lungs and bronchial lymphatic glands full of miliary, 
tubercles. Anterior mediastinal glands much enlarged. Spleen 
extensively involved, liver less so. On abdominal surface of diaph
ragm were a number of flat, yellow nodules. Mesenteric glands 
enlarged, and contained old, yellow, cheesy nodules. One small 
tubercle found in the right suprarenal. Purulent and cheesy nodules 
found in meninges and encephalon. The cultures were obtained from 
the mesenteric glands. 

The pathologist, Dr Hand, was unable to decide with certainty as 
to the origin of this case. 

Increase o.f Virulence by Successive Passages through Calves.-In 
another experiment instituted by Dr Leonard Pearson we have 
proved that a typical tuberculosis can be produced in young cattle 
by large and repeated doses of a human culture of moderatevirulence; 
and, what is even more interesting and important, by successive 
passages through calves we have succeeded in bringing about a 
marked increase in the virulence of this culture. The culture em
ployed was isolated from human sputum in September r899, and 
is designated" M." 1 The animals were inoculated at intervals of a 
week, the amount of culture being divided into four equal portions, 
which were injected into the jugular vein, the lung, the peritoneal 
cavity, and under the skin. Each week the dose was increased by 
ro cc. 

Two calves were infected in this manner, Nos. 26562 and 26563. 
With the tissues of No. 26562 the serious inoculations were begun, 
the details of which, with the post-mortem examination of the animals, 
is given below. The result is shown in the following table :-

Amount o.f 
Lenf{th of Life. No. Injection. 

I. Calf 26562 925 cc. ro6 days. 
2. 

" A45020 r6 48 
3· " A45035 13 " 23 " 
4· A35047 IO 24 
5· A45073 14 " 24 

Calf No. 26562, weight 2 ro Ibs. The first inoculation was made on 
6th September I90r, and thereafter at intervals of a week until 16th 
December. Each time the total amount was divided into four equal 
parts and injected subcutaneously, intraperitoneally into the lung and 
into the jugular vein. The commencing dose was ro cc. of an emul
sion equal in opacity to a twenty-four-hour-old bouillon culture of the 
typhoid bacillus, the total amount given being 925 cc. The tempera-

1 Ravenel: "Lancet," London, 10th and 17th August, 1901; "University of Pennsylvania, 
Medical Bulletin," September 1901. 
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ture rose after each injection, and remained high for two days, then 
fell gradually, though normal was never reached. About five weeks 
after the first injection the calf began to cough. This cough grew 
steadily worse until death, being most marked on the day following 
each injection. Respiration grew laboured, and th,! animal lost flesh. 
By 15th December it was markedly ill. Death took place during the 
night of 21st December. 

Autopsy.-Considerable emaciation. The lungs were hard and firm 
to touch. The various sites of inoculation could not be detected., and 
there were no abscess cavities or scars. The lungs were dense 
throughout and heavy, though sections floated in water. The 
bronchi, especially the smaller ones, were filled with a tenacious 
mucus, in which many tubercle bacilli were found. . The bronchial 
glands were enlarged, and a few caseous points were found. An 
emulsion made from one of them showed many tubercle bacilli. The 
mediastinal glands were large and soggy, but no nodules could be 
found. The liver was attached to its capsule at points which were 
the sites of flat, yellowish nodules, from 2 m. to 5 m. in diameter. 
On section tuberculous areas of considerable extent were found, 
reaching from the surface to a depth of 3 c. The spleen was much 
enlarged and very soft. On .the surface were a number of flat fibrous 
new-growths. The kidneys showed no changes. The omentum was 
much discoloured, having a dirty, brownish appearance, and in parts 
much thickened. It contained upward of one hundred nodules 2 m. 
to 6 m. in diameter, some grey, some white, and some haomorrhagic. 
Some had the appearance of beginning "grape" formation. The 
mesentery presented the same appearance~ Its glands were enlarged 
and wet, but no cheesy nodules could be found. On the parietal 
peritoneum were a large number of pearly nodules 2 m. in diameter, 
and a few sessile new-growths, some of which were haomorrhagic, and 
had fringes of fibrin hanging from them. Microscopical examination 
of the tissues showed the spleen and kidneys to be free of tubercles. 
In the lungs the greater part of both is made up of conglomerated 
tubercles which show very little central caseation. The alveoli are 
completely filled with desquamated epithelium, leucocytes and epithe
lioid cells. There is a marked bronchitis. 

Calf No. 26563, weight 165 lbs. The first inoculation was made 
on 6th September 1901, and thereafter weekly until 16th December 
[901, when an interval of nineteen days was allowed to elapse, the 
inoculations being resumed on 4th January 1902. The method of 
inoculation was the same as for Calf No. 26562. Death took place 
22nd January 1902, the total amount of the suspension of the culture 
given being J 400 cc. The condition of the animal following the 
injections correspond closely with Calf No. 26562, its survival being 
somewhat more prolonged. 

Autopsy.-Weight J86 lbs. Considerable emaciation. The lungs 
were firm and non-elastic to the touch. The points of inoculation 
could not be detected either in the pleurao or in the lungs, except at 
one point where a small pus cavity, I c., was found near the surface 
of the right lung, the pus containing many tubercle bacilli. No 
distinct nodules could be found in either lung, but both were much 
increased in solidity throughout, though sections would float in water. 
The bronchi were filled with a tenacious mucus. The pleurao were 
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roughened by bands of fibrin, which extended to the lung, attaching 
the inferior borders especially to the chest-wall. The bronchial and 
mediastinal glands were much enlarged, and the latter contained 
many caseous nodules. In the abdominal cavity all the organs were 
attached to the peritoneum and to each other by bands of fibrin. 
The liver was firmly adherent to the diaphragm. Over the surface 
were fifty to sixty whitish fiat nodules,s m. to IO m. in diameter, 
some of them extending deeply into the substance.of the organ. On 
section caseous areas were seen. 

The spleen and kidneys showed slight changes only. The parietal 
peritoneum was rough at many points and had fringes of fibrin 
attached to it. Scattered over it were a large number of grey 
nodules, 2 m. to 5 m. in diameter. 

Microscopical Examination showed no well-defined tubercles in the 
spleen and kidneys. The liver showed many areas of necrosis. In 
the lungs were masses of conglomerated nodules, most of which did 
not show marked central caseation. Numerous giant cells were 
found. The alveoli are filled with desquamated epithelium, leucocytes, 
and epithelioid cells. There is a marked bronchitis. 

Calf No. 45020, six months old. On 23rd December 1901,8 cc. of 
an emulsion made from the bronchial gland of Calf No. 26562 was 
injected into the left lung, and the same amount into the peritoneal 
cavity. The emulsion showed many tubercle bacilli. By 15th 
January 1902 the calf was markedly ill, and breathing was increased 
in rapidity. These symptoms increased steadily, the temperature 
ranging from I04° F. to I05'5° F. About 1st February the tempera
ture began to fall, and at the time of death, 9th February, was 
subnormal. 

Autopsy.-Much emaciated. Both lungs were a dark red, and were 
thickly sown throughout with miliary nodules. The left lung was 
adherent to the chest-wall over a large part of its surface. On 
separating it many tubercular new-growths were seen, between which 
the pleura was smooth. At the point of inoculation was an abscess 
cavity 4 c. in diameter. The pus contained many tubercle bacilli 
and staphylococci. On the lung over the abscess, and binding it 
lightly to the chest-waH, was a layer of fibrin, of cream-white colour. 
Along the backbone was' a chain of enormously enlarged glands 
fitting into the spaces between the ribs, and extending from the first 
rib to the diaphragm. These were filled with caseous areas. The 
mediastinal glands were enlarged and showed many caseous areas. 
Most striking was the condition of the omentum, which had been 
converted into a mass of tubercular new-growth, made up of con
glomerate noduleS. It varies in thickness from I c. to 3 c. The 
nodules are greyish-yellow, fibrous, and show central caseation. The 
liver shows numerous yellowish nodules, both on the surface and on 
section. 

The spleen has on its surface a number of fiat, fibrous new-growths, 
but no nodules are seen on section. 

The kidneys are normal in appearance, but a few nodules appear 
on section. , 

Microscopical Examination shows the lungs to be thickly sown with 
minute tubercles. Sections stained with carbol-fuchsin show innumer
able tubercle bacilli clustered mainly in these nodules. The liver 
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contains many necrotic areas in which many tubercle bacilli are 
found. The spleen contains a considerable number of necrotic areas. 
The flat new-growths are tubercular. The kidneys show only a few 
tubercles, which contain innumerable tubercle bacilli. 

Calf No. 45035, aged nine weeks, weight 130 lbs. I Ith February 
1902. Inoculated into its right lung and peritoneal cavity with an 
emulsion made from the omentum of Calf No. 45020, 5 cc. being 
injected into the lung, and 8 cc. into the peritoneal cavity. The 
temperature rose on the day after the inoculation, and reached I07° F. 
on the third day, after which it fell, and ranged from I04° F. to I06° 
F. until a few days before death, when it fell slightly, going as low as 
IOI'4° F. on the day of death. Breathing had become laboured ten 
days before death, and the appetite failed a week before death, which 
took place on 6th March. . 

Autopsy.-Weight 97 lbs. Condition fair. The right lung adherent 
to chest-wall throughout. When separated a layer of fibrin containing 
many tubercular masses of new-growth is seen. At the point of 
inoculation is an abscess cavity 4 c. in diameter, the pus containing 
many tubercle bacilli and a gas-forming bacillus of the colon group. 
Both lungs were filled with a multitude of minute nodules, and some 
areas showed extensive caseation. The mediastinal and bronchial 
glands were much enlarged and caseQUs. 

The liver, spleen, and kidneys were normal in appearance. 
The omentum contained a very large number of discoloured, reddish 

areas, which were thickened, hard, and of sandy feeling. 
Microscopical Examination.-The lungs are studded with minute 

tubercles. The liver contains many small areas of necrosis. The 
spleen shows a number of areas of commencing necrosis. The 
kidneys are normal. 

Calf No. 45047, aged six weeks, weight 72 lbs. Inoculated 7th 
March 1902 with an emulsion made from the lung and bronchial 
gland of Calf No. 45035, 5 cc. being injected into the right lung, and 
5 cc. into the peritoneal cavity. The temperature rose to I04'8° F. to 
I06° F. for ten days, then fell slightly until death took place, on 1st 
April 1902. 

Autopsy.-Weight 65 lbs. Considerable emaciation. Both lungs 
are studded throughout with miliary nodules. The right lung is 
firmly attached to the chest wall for its entire surface, and at the 
point of inoculation is an abscess 4 c. in diameter, which contains a 
milky fluid pus in which are curdy masses. The pus contains many 
tubercle bacilli and other bacteria, but no streptococci. The left 
lung is attached to the chest wall for a third of its surface. Over the 
unattached surface is a layer of fibrin, I m. in thickness. The chest 
wall corresponding to this fibrin· is thickly studded with minute grey 
nodules. The pericardium is attached to the lung. The heart shows 
numerous yellowish tubercles scattered over the ventricles, as well as 
the auricles, and especially numerous on the auricular appendage. 
They are seated in the visceral layer of the pericardium. 

The bronchial and mediastinal glands are enlarged and soggy, but 
no nodules can be found. 

The omentum contains innumerable minute pearly nodules, and 
many red, fleshy, highly vascular new-growths. 

The mesentery of the large as well as small intestine contains 
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innumerable pearly nodules. The mesenteric glands are normal in 
size and appearance. Along the abdominal aorta and brim of the 
pelvis are twelve to fifteen glands from 5 m. to 15m. in diameter; 
yellow in colour, but none caseous. 

The liver is adherent to the diaphragm. On the surface, as well 
as on section, many yellowish nodules can be seen. 

The spleen is thicker than normal-, and very firm. On the surface 
a few fibrous new-growths are seen. 

The kidneys appear normal, but each has a layer of the peritoneum 
attached to it, which contains innumerable gray nodules averaging 
1 m. in diameter. 

Microscopical E.1:amination.-Lung not examined. The liver con
tained many minute areas of necrosis. The kidneys contain a con
siderable number of minute tubercles, with central necrosis, situated 
for the most part immediately under the capsule. 

Another animal was inoculated in the same manner with the tissues 
of this calf, which is still living.1 Guinea-pigs have also been inocu
lated in order to recover a pure culture, so that any changes that 
have taken place may be studied. We feel, however, that we have 
demonstrated a great increase in virulence in this culture obtained 
from sputum by the several passages through calves. 

Our own experiments, as well as those quoted from others, demon
strate that Koch's statement that human tuberculosis cannot be trans
mitted to cattle is erroneous and untenable. 

11. In the second proposition Professor Koch calls in question the 
possibility of the transmission of tuberculosis from cattle to ·man, and 
holds that if such transmission ever does take place it is a very rare 
occurrence, so rare, indeed, as to render superfluous any mea~ures of 
precaution against it. 

In the solution of the problems here involved we are of necessity 
deprived of direct experimental data, so must gather evidence from 
every possible source, collate and weigh it carefully, in order to draw 
fair conclusions. 

In the first place, we may well ask if tuberculosis in cattle is marked 
by any specific features which differentiate it from tuberculosis in 
man, and which would make it improbable that the two were inter
communicable. I will not attempt here to go into a discussion of all 
th~ forms of bovine tuberculosis or to compare it minutely with the 
disease in man. The chief differences are: (I) The marked tendency 
to calcification rather than the caseation seen in man; (2) the forma
tion of extensive new-growths in the serous membranes, such as the 
pleur<e and peritoneum. 

These growths assume wart-like or cauliflower or grape-like shapes, 
from which the names" perlsucht," "pearly disease," "pommelii~re," 
and" grape disease," as applied to bovine tuberculosis, are derived. 

In cattle, as in man, the lungs are the chief seat of the disease. In 
about half of all cases the lungs and serous membranes are simultane
ously affected, the lungs alone in about one-third, and the serous 
membranes alone in about one-fifth. 

Since 1863 Virchow 2 has insisted that the two tuberculoses were 
1 This calf, No. A4b073, died three days after the reading of the paper, or twenty.four days 

after inoculation. There wa.s typical and extensive tuberculosis. 
"Virchow: Address before the :Medical Society of Berlin, 27th July U)OI. "Berliner klin. 

'''' oehenschr .• " 5th August 1901. 
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distinct, an attitude reaffirmed by him in his latest publication, his 
chief point being that we cannot cal! anything tuberculosis which 
does not show the true histological tubercle, whether or not the tissues 
contain tubercle bacilli and show changes due entirely to them. 
Although insisting strongly on this distinction, which is not held by 
all pathologists, Virchow does not accept Koch's conclusions, and 
says that in the post-mortelll examinations at the Charite several cases 
have been found showing an unusual peritoneal tuben;:ulosis, with 
enormous growths such as are seldom seen in man. These cases he 
regards as being possibly of bovine origin through food. 

The histological identity of human tuberculosis and pearl disease 
was first demonstrated by Schiippel,1 and his work has been supple
mented by Baumgarten,2 who has observed characteristic caseation 
such as occurs in the human tubercle take place in the nodules ot 
pearl disease, "in a typical form and with like regularity." The pro
cess is often obscured by rapid calcareous changes, which, he justly 
remarks, are terminal, and have nothing to do with the actual disease, 
and which, furthermore, are often seen in human tuberculosis. On 
the other hand, it has repeatedly been shown that typical miliary 
tuberculosis can be produced in cattle by the bovine bacillus, and, as 
seen in the specimens before you, the same result may be brought 
about at times by the human bacillus. In fact, experimental tuber
culosis in cattle induced by inoculation with the bovine tubercle 
bacillus is usually of the miliary type, and only exceptionally assumes 
the form considered typical of the natural bovine disease. I n this 
connection Hueppe 3 very aptly calls attention to the fact that Koch, 
in his experiments with the bacill~ of bovine tuberculosis, produced 
in cattle" only tuberculosis, but not the tuberculosis of the pleura 
peculiar to the ox-the so-called perlsucht; his experiments, there
fore, in the sense of his special interpretation, did not even prove that 
bovine tuberculosis affects the ox." It has, further, been shown by 
Troje 4 and by Dr Theobald Smith 5 that pearl disease may be pro
duced in rabbits by the human tubercle bacillus. Troje has observed 
one case of pearly disease affecting the pleura in man. 

The differences noted between tuberculosis of man and tuberculosis 
of cattle are scarcely greater than those noted between the latter and 
tuberculosis of swine, yet nothing is easier than to infect swine with 
the milk or other products of tuberculous cattle. The infection here 
is by natural methods, and in fact is most often noted where nothing 
was further from the wishes or intentions of the unconscious experi
menter. The origin of the infection is unquestionably bovine, yet the 
disease produced differs markedly, but not essentially, from that seen 
in cattle. The evidence then leads us to conclude that such differ
ences as are commonly seen between human and bovine tuberculosis 
are in no sense essential. 

Bacteriological Evidence. lWorplLOlogy and Cultural Characteristics 0./ 
Human and Bozline Tubercle Bacilli.-That there were certain differ
ences to be observed in cultures of the tubercle bacillus isolated from 

1 Schiippel: Virchow's "Archives," 1872, Band LVI., p. 38; also "Berliner klin. 'Vochenschr.," 
1880. Quoted by Baumgarten. 

::! Baumgarten: "Berliner klin. 1Vochenschr.," 2nd Sept.ember 1901, No. 35. 
3 Hueppe: "Lancet." London, 31st August 1901, p. &10. 
4 Tangl and Troje: "Deutsche med. Wochenschr:," 1892. 
'Smith: "Journal of Experimental Medicine," 1898, Vol. IlL, No •. 4 and 5. 
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man and from cattle was shown by Dr Theobald Smith in 1896, who 
confirmed his first observations in 1898, his human cultures being 
almost always obtained from sputum. A study similar to Dr Smith's 
has been carried on at the laboratory of the State Live-stock Sanitary 
Board of Pennsylvania for several years, the material for the cultures 
being obtained from divers sources. With one exception, which was 
isolated from sputum, all the human cultures have been obtained 
from internal organs, especially the lungs and mesenteric glands. 
Two of the bovine cultures have been found in' milk, the others 
coming from internal organs or glands. The result of our observa
tions, which have agreed closely with those of Dr Smith, is as follows: 
The morphology of the bacilli in cultures of bovine origin is more 
uniform and comtant than in cultures from man. The bovine bacilli 
are thick, straight, and short, seldom more than 2 I" in length, and 
averaging less. In the early generations many individuals are seen 
which are oval, their length not more than double their breadth. 
They stain evenly and deeply with carbol-fuchsin, beading being 
almost always absent from young cultures, and often from old ones. 

The human bacilli are, as a rule, much longer from the start, and 
tend to increase in length at once in subcultures. They are generally 
more or less curved, some cultures showing S-shaped forms. They 
stain less intensely with carbol-fuchsin, and. beading is generally seen, 
even in early growths. 

The above characteristics are most marked and most persistent in 
cultures grown on blood serum .. On glycerin agar, glycerin bouillon, 
and glycerin potato the bacilli from the two sources approach each 
other in cultural fe<ttures and morphology much more closely, and 
by continued cultivation the differences tend to become obliterated. 
Bovine cultures are more difficult to isolate than human, are apt to 
grow as discrete colonies in the first culture, and for several genera
tions arc likely to grow in an exceedingly thin layer which resembles 
ground glass closely. The optimum temperature as well as the 
thermal death-point are practically the same. 

The human bacillus, as a rule, grows more easily and abundantly 
from the first, and will grow well on glycerin agar in subcultures 
made directly from the.original growth on blood serum. All attempts 
to obtain a like result with the bovine organisms have failed. 

The morphological distinctions tend to disappear also in the tissues 
of susceptible animals. \Ve may inoculate a typical bovine culture, 
and in a very short time scrapings from the variuus organs will show 
long and very much beaded bacilli. 

The most striking dissimilarity is, however, seen in the action of 
the bacilli from the two sources on animals. By whatever method of 
inoculation, the bovine bacillus, as a rule, possesses a very much 
greater pathogenic power than the human bacillus for all animals on 
which it has been tried, the only exceptions being possibly those 
animals, like guinea-pigs and swine, which are so extremely suscept
ible to both types that it is hard to draw any distinction between 
them. This was the case with swine inoculated by feeding in our 
own experiments, but Koch and Shiitz found that for swine also the 
bovine bacillus was much more active. The list of animals for which 
this increased virulence has been proven includes horses, cows, asses, 
sheep, goats, dogs, cats, rabbits, guinea-pigs, and recently the same 
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thing has been shown to hole! true for man's relative, the monkey, by 
de Jong,l de Schweinitz and Schroeder,2 and ourselves. 

In our own experiments two monkeys inoculated subcutaneously 
with culture L, obtained frorp milk, died on the thirty-seventh and 
thirty-third days; . while the corresponding pair of the same species, 
and as nearly the same weight as possible, inoculated with culture M, 
from human sputum, lived fifty-four and ninety-six days respectively, 
the last being chloroformed in a moribund condition. Two other 
monkeys which were inoculated by feeding five times with the same 
cultures smeared on banana lived forty-two and ninety days respec
tively. The post-mortem examinations showed for the animals which 
received the bovine cultures a more active invasion and more acute 
process. 

What has been said concerning the greater pathogenic power of the 
bovine organism has, I think, been proven beyond question to be the 
rule. It must be borne in mind, however, that what we speak of as 
virulence i~ a very variable quantity, no micro-organism being known 
which always shows the same degree of pathogenicity. The tubercle 
bacillus isolated from cattle varies in its pathogenic power consider
ably, though not perhaps to such an extent as those obtained from 
human sources. Among the latter we find some cultures which have 
feeble action even on the most susceptible animals, like guinea-pigs,3 
while others are most actively virulent. Besides culture BB, described 
in this paper, cultures of exalted virulence have been isolated from man 
by Vagades 4 and Lartigau.5 Whether or not these cultures were in 
reality the bovine organism which h'as infected man we cannot say 
now. At present our knowledge is so restricted in the matter of 
differentiation that we must designate the cultures human or bovine 
according as they are isolated from man or from cattle. The dictum 
of Koch that inoculation of cattle will infallibly distinguish one from 
the other cannot be accepted offhand, as it is far from proven that 
virulence for cattle is a fixed and constant characteristic. Professor 
M'Fadyean 6 says: If a low degree of virulence for cattle is to be taken 
as the distinguishing feature of human bacilli there will be no difficulty 
in proving that the human disease is sometimes transmitted to the 
lower animals. 

Has tIle B07JZ'ne Tubercle Bacillus more PatilOgenic Power for Man 
than tlte Human Bacdlus ?~In trying to interpret the results obtained 
by inoculation of animals we are forced to ask ourselves whether or not 
they are applicable to man also? Having proven that for practically all 
experimental animals the bovine tubercle bacillus possesses, as a rule, 
a much greater pathogenic activity than the human, is it fair to con
clude that this increase of virulence will hold good for man also? 
Until the contrary is proven, or until good reason for believing the 
contrary is shown, I feel that this must be our conclusion. This 
matter opens up a most fascinating field for speculation, in which we 
meet with many apparent contradictions; and until we gain a better 
understanding of immunity in general we cannot speak dogmatically 

I De Jong: "La Semaine Medicale," 15th Jannary 1902. 
2 De Sch1veinitz and Schroeder: "American l\Iedicine," 4th January 1902. 
3 Smith: ' , Journal of Boston Society of Medical Science," N ovem ber 1898. 
4 Vagades: "Zeitschrift f. Hygiene," 1898, Band XXVIII., p. 276. 
5 Lartigau: "Journal of Medical Research," July 1901, Vol. VI., No. 1., p.156. 
6 l\PFadyea,n: "Journal of Comparative Pathology and Therapeutics," September, 1901, -Vol. 

XIV. Part 3. 
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but must stick to ascertained facts in each individual case. Virulence 
is a factor which is relative to the subject, and exaltation of virulence 
for one species of animal does not necessarily prove an increased 
power for other species. Indeed, the reverse is sometimes true. For 
example, thc streptococcus is said to become increased in virulence 
for mice by successive passages through these animal~, but less viru
lent for rabbits. So, too, the bacillus of" rouget du porc," though but 
slightly pathogenic for rabbits, rapidly acquires a high degree of 
virulence for them by successive passages; but when this has taken 
place we find that all virulence for swine, from which it came in the 
first place, has disappeared. Large doses do not even make them 
ill. 

Admitting freely all these facts, we must regard them as exceptional, 
for it is a firmly established rule in bacteriology that when the viru
lence of a pathogenic organism is increased for oI}e animal it is 
increased for all that are naturally susceptible to its action as well 
as for those in which the disease is known only experimentally. 

That as regards man a result analogous to that seen in the strepto
coccus, or the bacillus of" rouget du porc," has not taken place by the 
residence of the tubercle bacillus in the tissues of cattle is proven by 
the cases of accidental inoculation of man with the bovine bacillus as 
well as by the cases observed clinically in which tuberculosis has 
followed the consumption of tuberculous milk. The tubercle bacillus 
is unique in the extent of its pathogenic activity, both by direct 
experimental inoculation as well as by infection under what may 
be considered more or less natural conditions. The list of animals in 
which tuberculosis occurs in parks and zoological gardens is appalling, 
the discoveries of Dubard 1 and others showing that not even the cold
blooded animals are exempt from this universal scourge. While it may 
bc said of the tubercle bacillus that in cultures in the laboratory it is 
unusually tenacious of its characteristics, it is certain that in nature it 
has a wide range of adaptability as a pathogenic agent. Hence, 
for the tubercle bacillus, perhaps, more than for any other known 
microbe, we are justified in believing that an exaltation of virulence 
for practically all experimental animals will hold good in the case of 
man also. 

Accidental Inoculation of Man witlt tlte Bovine Tubercle Bacillus.
While we cannot determine the virulence of the bovine tubercle bacillus 
for man by direct inoculation, we are, nevertheless, not without some 
information on this point, owing to the accidental inoculations observed 
from time to time. Four such cases have been reported to this Society, 
accompanied in three instances by the exhibition of the spccimens.2 

Similar cases have been reported by Tscherning 3 and Pfeiffer,4 the 
latter ending in general infection and death. . 

Dr M. B. Hartzell 5 has also observed two cases in which the bovine 
origin of the infection was' not absolutely proven, though certainly 
highly probable, both occurring in healthy men who were employed 
by one of our large railways to clean and repair cattle cars. In both 

1 Dubarb: "La Revue de la Tuberculose," April 1898. 
2 Ravenel: "Proceedings of the P~thologica.l Society of Philadelphia," New Series, 1900, 

Vol. III., p. 259; also 1902, Yol. Y .• No.3, p. 87. 
3 Tscherning: Congl'ei pour l'etude de la Tuberculose, Par:s, first se~sion, 1888. 
4 Pfeiffer: "Zeitschrift f. Hygiene," 1888, Band III. 
, Hartzell: "Journal of American Medical Association," 16th April 1898. 
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a well-marked tuberculosis of the skill of the verrucous type foll owed 
slight wounds of the back of the hand inRicted by broken timbers. 
One man recovered under local treatment, but the other died after 
about a year through involvement of the lungs and other organs. 
This patient was a robust man, aged forty-four years, weighing 175 
lbs. with good personal and family histories. Dr Hartzell felt that he 
was able to exclude with reasonable certainty any· other source of 
infection. The death of Mr Thomas Walley, Principal of the Royal 
Veterinary College of Edinburgh, is also attributed to infection gain
ing entrance through a wound received while making an autopsy on a 
tuberculous cow. 

The interest which has been aroused by Professor Koch's paper has 
brought out numerous reports of such cases, which are now being pub
lished to show that man has something to fear from bovine tubercu
losis. 

Dr Kurt Mueller,l a surgeon of Erfort, describes the case of two 
healthy young men who were under his care. Both were butchers, 
and in both cuts were sustained while working on tuberculous cattle, 
the wound opening the synovial sheath of a tendon in the hand . In 
each case an operation was necessary, and it was found that the wall 
of the sheath, as well as the tendon itself, were thickened, while upon 
them were large numbers of yellowish nodules, proven to be tubercles 
by microscopical examination. These tubercles were placed very 
thickly near the scar, gradually becoming fewer as the scar was left. 
In one of the men the trouble extended from the finger to the forearm, 
and there was some evidence of tuberculosis even at the muscular 
attachment of the tendon. I n the second case the tendon was attached 
to the sheath, and the disease limited to an area IO c. in length . 
Examination of the removed tissue proved the presence of tubercle 
bacilli. Both of these men had good family histories, and we re free 
from tuberculosis elsewhere, so that Dr Mueller has no doubt that they 
were inoculated with bovine tubercle bacilli. 

De Jong 2 observed the case of a man who injured his finger while 
examining the mesentery of a tuberculous cow. The wound did not 
heal, the edges became indurated, and considerable swelling ensued, 
with pain which increased steadily and failed to yield to ordinary 
treatment. Curettage and cautery were finally used with success. In 
the scrapings tubercle bacilli were demonstrated. 

In Berlin 3 two men who are employed in the slaughter-house to 
carry the condemned tuberculous meat to the place where it is 
destroyed have developed tuberculosis of the sk in of the hands. At a 
recent meeting of the Medical Society of Berlin, Professor Lassar 4 

presented cases of verrucous tuberculosis of the skin. He had observed 
this type of skin tuberculosis in butchers who had handled tuberculous 
meat. Of thirty-four cases seen by him four were in butchers; while 
on the contrary, among those affected with'other forms of tuberculosis 
localised to the skin of the hands, none belonged to this calling. 
Liebreich agreed with the view taken, and said he had been able 
to assure himself that verrucous tuberculosis of the skin was much 
more common among those whose duties require handling tuberculous 

1 Mueller: "Zeitschrift f. Fleisch- und Milchhygiene," February 1902. 
2 'De Jong: "La Semaine Medicale," lOth January 1902. 
" "Berliner Thlerarztliche 'Vochenschr.," 6th February 1902, p. 106. 
4 Lassar: "La Serna-ine Medicale," 1st January 1902. 
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meat than among others. Blaschko spoke of the case of a cook seen 
by him in whom a tuberculous lesion followed the prick of a piece of 
bone. 

It is interesting to note that Dr Hartzell's two cases were both of 
the verrucous variety, the origin in both having been almost certainly 
bovine. Drs J 9seph and Trautmann 1 report three cases of verrucous 
tuberculosis of the skin occurring among employes of the municipal 
abattoir in Berlin, who worked exclusively with tubercular animals. 

Case I.-J. G., aged forty-five years. Was never ill before, and no 
tuberculosis in his family. His duties were to cut up tubercular and 
condemned carcases. In 1892 or 1893 he received a small wound of 
the middle finger of the left hand, and a nodule soon formed, sur
rounded by a zone of redness. It increased slowly until 1897 or 1898, 
when the thermocautery wa!; resorted to with partial success. About 
a year ago the man tore the first finger of the same hand on a bone 
from a tubercular cow. The wound cicatrised in about eight days, 
but later a nodule developed on the site. When examined, in August 
1891, the disease was confined to the first and middle fingers of the 
left hand. On the first finger nodules about the size of a pea protruded 
from the surface 1 m. to 2 m., moderately red, and having in the centre 
a broken area covered with small crusts. The nodule on the middle 
finger was much larger and the verrucose condition ,more developed. 

Case II.-J. 0., aged thirty-five years. No history of tuberculosis 
in family. The patient, his wife, and three children had always been 
healthy. Has been employed in the abattoir for one year, and always 
in the division reserved for tubercular animals. Three months before 
he had suffered a wound of two fingers, following which the disease 
developed. On the little finger is a hard, rough thickened area, 
extending entirely through the skin. On one side is an ulcer which 
goes deep into the corium. 

Case Ifl.-K. S., aged thirty-eight years. Employed in handling 
tubercular material. He showed a typical tubercubsis of the skin. 
As the case was being treated by another physician the details are 
not given. 

It would seem that instances of infection through wounds are not 
as uncommon as has been supposed heretofore. Their value has been 
questioned on the ground that inoculations do not always correspond 
to natural infections. I do not pretend that such cases settle the 
whole question definitely, but they do prove beyond question that 
there is no peculiar quality in the tis8ues of man which makes him an 
unfit soil for the bovine tubercle bacillus. Furthermore, they afford 
us means of comparison with similar cases in which the invading 
organism is of human origin, wounds of the hand while operating on 
tuberculous cadavers, or in cleaning cuspidors used by phthisical 
persons, being not uncommon. I have been at some pains to study 
the reports of such infections, and feel bound to conclude that the 
bovine bacillus is at least as virulent as the human for man when 
introduced in such manner. We know from experimental, as well as 
clinical evidence, that the skin is the tissue most unfavourable to the 
growth of the tubercle bacillus. If, then, the bovine bacillus can 
successfully invade the skin and multiply there. with the production 
of characteristic changes, it seems we are fully justified in believing 

1 .Joseph and Trautmann: "Deutsche med. 'Vochenschr .. " 20th March 1902. 



134 GENERAL ARTICLES. 

that organs and tissues that are known to offer favourable soil to the 
human bacillus will also prove favourable to the bovine organism. 
On the other hand, I know of no animal which is susceptible to the 
human bacillus yet immune to the bovine. Birds are equally refractory 
to both, a small proportion of those inoculated or fed with either 
succumbing to tuberculosis. , 

Tubercular Infection tlzrouglt Food.-Koch bases his opinion as to 
the non-transmissibility of bovine tuberculosis to man largely on the 
alleged rarity of primary intestinal tuberculosis. He says: "If the 
bacilli of bovine tuberculosis were able to infect human beings many 
cases of tuberculosis caused by the consumption of aliments containing 
tubercle bacilli could not but occur among the inhabitants of great 
cities, especially children." "That a case of tuberculosis has been 
caused by aliments can be assumed with certainty only when the 
intestine suffers first-i.e., when a so-called primary tuberculosis of 
the intestine is found." He says that he has seen only two such 
cases; that at the Charite Hospital in Berlin only ten cases were 
seen in five years; that among 933 cases of tuberculosis in children 
at the Emperor and Empress Frederick's Hospital for Children, 
Baginsky never found tuberculosis of the intestine without simul
taneous disease of the lungs and bronchial glands; that Biedert 
found only sixteen cases of primary intestinal tuberculosis among 
3104 children examined post-mortem. 

The assumption that the proportion of tuberculosis caused by food 
is correctly revealed by the lesions of the intestine or mesenteric 
glands is certainly erroneous, and leaves out of consideration entirely 
at least one very important avenue of infection. 

Infection tllrougll the Tonsils.-The numerous observations made of 
late years leave no doubt that the tonsils sometimes act as the port 
of entry for the tubercle bacillus. As well put by Baup,1 "discussion 
is only possible as to the greater or less frequency of these lesions, 
and their pathological importance," a position sustained not only by 
the work of other observers but by his own, in which he examined 
the tonsils from those cases only in which tuberculosis of the lungs 
was absent and other ports of entry could be excluded. Dieulafoy,2 
by the inoculation of guinea-pigs, found tuberculosis in fifteen of 
ninety-six cases. Latham,3 who was careful to employ only the 
interior portions of the tonsils, in forty-five consecutive cases of 
children from three months to thirteen years of age, seen at autopsy, 
found seven which were tuberculous. One of the most recent studies 
of this subject is that of Friedmann,4 who examined the tonsils 
obtained from ninety-one children at autopsy, and fifty-four cases 
removed by operation, all but olle of the latter under five years of 
age. Of the ninety-one cases, in three there was tuberculosis, prob
ably not primary; in five there was tuberculosis, probably primary, 
with secondary involvement of lymphatic glands, intestine, and bone; 
in one the tonsils showed many tubercles, giant cells, and tubercle 
bacilli, the l-est of the body being free; in seven (two with and five 

1 Baup: "Les Amygdales, porte d' entree de la Tuberculose," Paris, 1900. 
2 Dieulafoy: Quoted by Baup. 
:l Latham: "Lancet," 22nd December 1900. 
4 Friedmann: "Deutsche med, Wochenschr." 14th June 1900, No. 24; also H Ziegler's 

Beitrage zur path. Anatomie," 1900, Vol. XXVIII. p. 66. Abstract by Dr A. O. J. Kelly, 
" American Journal of the Medical Sciences, " February 1902, p. 292. 
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without tuberculosis in other parts of the body) the tonsils contained 
typical giant cells, but no bacilli could be demonstrated; in three, 
giant cells attributed to other causes were found; in eleven, which 
showed extensive tuberculosis of other parts of the body, the tonsils 
were free, but showed scars; in four the tonsils were free, there being 
tuberculosis of the internal organs; in three bacilli were demonstrated 
in smear preparations, though no tubercles were found. In the 
remaining fifty-four cases tuberculosis was not found in any part of 
of the body. Only one of the operative cases showed primary 
tuberculosis. 

When we remember the frequency with which children are fed, and 
the ease with which particles of food lodge in the tonsils, we cannot 
but think that Friedmann is reasonable in his conclusion that tuber
culosis of the tonsils is quite common in children, and that the 
infection takes place directly from food, and not through the lymph, 
blood, or by inhalation. 

Numerous authors who have studied this question give corroborative 
facts, lack of time preventing further citations. Those given are 
sufficient, I think, to show the fallacy of looking exclusively to the 
intestine for the proof of a food infection. I beg to call attention to 
the specimen showing ulceration of the tonsils which I have here, 
taken from one of four pigs which were infected by feeding, ten meals 
containing pure cultures of tubercle bacilli being given. All the 
animals contracted general tuberculosis, most marked in the lungs, 
and ending in death. Three of the four presented lesions of the 
tonsils similar to those shown, while in only one could any lesion of 
the intestine be found. In the tonsils of the fourth pig which showed 
no macroscopical lesions, many tubercle bacilli and areas of caseation 
were found. In three of the four pigs the cervical and mediastinal 
glands were markedly involved, and tubercle bacilli were readily 
demonstrated in smear preparations made from the cut surface of the 
salivary glands in the remaining one. 

A similar observation was made by Koch, who, however, seems to 
have entirely overlooked the importance of it. He says: "These 
animals had without exception severe tubercular disease, especially 
tuberculous infiltration of the greatly enlarged glands of the neck and 
of the mesenteric glands, and also extensive tuberculosis of the lungs 
and spleen." 

Clinical Obser'iJation.-The number of cases in which infection can 
be traced to the consumption of tuberculous milk is not large, and 
almost all of them are open to some criticism from the fact that all 
other sources of infection cannot be positively excluded. From the 
nature of the case this will always be true, and we can never shut 
children up and feed them with tuberculous milk in the way of an 
experiment. However, evidence· in some of the cases is so clear that 
N ocard has well said: "It has almost the value of an experiment," 
and it is quite sure that we would unquestionably accept evidence of 
much less value if any other disease than tuberculosis were concerned. 

The cases reported by Stang/ Demme,' Gosse,l Ollivier,z and Law,3 
involving nineteen persons, are too well known to need repetition 
here. 

1 Quoted by N ocard: "Les Tuberculoses Animales. " 
" Ollivier: Bulletin of Academy of Medicine," Paris, 1891, p. 288 
3 Law: ,. Cornell Agricultural Experiment Station," Bulletin No. 6ft. 
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Ebers 1 reports six cases, collected by several observers, of tuber
culosis in children, attributed to the milk of tuberculous cows. 

Bang 2 through inquiries in Denmark has collected reports of nine 
persons in whom infection could be traced with reasonable certainty 
to milk from tuberculous cows. 

Von Ruck 3 reports the cases of a father and child which are very 
cOllvincing, and says that he has observed several others in which 
there was very good reason to believe that milk was the agent of 
transmission for the tubercle bacillus. 

Klebs and Rievel 4 have recently reported two cases which came 
under the observation of the former. A healthy young man 
employed by Klebs to assist in making some investigations on milk 
infection had the habit of drinking the milk of the tubercular cows 
used in the experiment. In a few months he died oC miliary tuber
culosis.· The second case was one of six male children, who died at 
the age of two years of tuberculosis of the cord and meninges. This 
child was the only one of the six fed on cow's milk and the only one 
that developed tuberculosis. 

Post-mortem E vidence. - The reports of pathologists based on 
autopsies prove conclusively that in a certain proportion of persons 
dying of tuberculosis, and especially in children, the infection takes 
place through the intestine. As to the frequ ency of infection by this 
route there is a wide divergence of opinion, due partly, no doubt, to 
the fact that thi s method of infection is much more common in some 
localities than others, owing to local conditions, and partly to the 
interpretation given to the post-mortem findings. Our method of 
determining the portal of entry is not entirely satisfactory, as is 
shown by the large number of cases reported by many pathologists 
in which it is impossible to locate the primary lesion. . 

In general the determination of the primary lesion is based on the 
belief that the lymphatic glands in children give evidence of the 
duration and extent of tubercular disease in the organs with which 
they are in relation. Consequently if the bronchial glands show more 
advanced caseation than the mesenteric the infection is put down as 
being through the respiratory tract. The fallacy of this has, I think, 
been demonstrated as rega rds infection through the tonsils, and .that 
it is correct, even when the absorption takes place through the intes
tinal mucosa, is open to question. During intestinal digestion there 
is a constant current from thc intestinc to the mesenteric glands, and 
thence up the thoracic duct into the venous circulation. Any tubercle 
bacilli which may have gained entrance into this stream are c~rried 
almost immediately into the lung, and deposited there by election. 

It has been shown by Dr Dobroklonski ,5 working under Corn iI, 
that the tubercle bacillus can penetrate the wall of the intestine in 
the absence of any demonstrable lesion, and that the contact does not 
need to be prolonged. As the result of carefully conducted experi
ments on animals he says ; "Tuberculosis can certainly invade the 
body through the digestive tract. For this invasion to occur, it is 
not necessary that there should be either a lesion of the intestinal 

1 Ebers : •• Lubarsch and Ostertag's Brgeb, ,. 1899. Quoted by Bovaird. 
, Bang : Quoted by Stmuss, " La Tuberculose. " 
:\ Von Ruck: " Journal of Tuberculosis," April, 18~){f . 
4 Klehs ,,"<1 Rievel: "Deutsche Thierarztliche Wocll enschr, " 18th January 1902. 
"Dobroklonski : "Archives dc Med. expo et d 'anatomie path," 1st March 1890, 1" 253. 
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wal1, a desquamation of the epithelium, or any local modification 
whatever, or an anterior inflammatory process. The tuberculous 
virus (bacilli as wel1 as spores) can easily pass through the epithelial 
lining of the intestine when it is entirely normal. This penetration is 
particularly easy at those points where the contact of the virus with 
the intestinal wal1 is prolonged, but it is not necessary that there 
should be prolonged contact or that it should be any longer than 
what occurs normally." 

In our work at the laboratory of the State Live-stock Sanitary 
Board we have often been struck by the extensive involvement of 
of the lungs in animals infected by feeding, and the slight injury of 
the intestines. Indeed, in some animals it has been impossible to 
detect any involvement of the intestine at all. 

I ask your attention to specimens from two animals illustrating 
these points. The first 'is from a cow (No. 26,435) which was fed 
with bovine tubercular material. Both lungs were involved and had 
cavities in them. The bronchial glands were enlarged, and showed 
smal1 nodules. The mediastinal glands were enlarged and softened, 
but showed no nodules. The mesenteric glands were normal, and no 
lesion of the intestinal wall could be found. 

The second is from a monkey fed with a pure culture obtained 
from the mesenteric gland of a child (Culture BB).' Both lungs are 
involved throughout and to a much greater extent than the abdo
minal organs. The bronchial glands are enlarged and caseous. In the 
intestine only one point of injury can be found, and most of the 
mesenteric glands are normal in size, and show a few nodules I m. in 
diameter. Three glands associated with the upper intestine are much 
enlarged and show caseation, though not more advanced than what 
is seen in the bronchial glands. 

The specimens from the monkey illustrate another important point, 
namely, the occurrence of coincident infection through the upper 
part of the digestive tract and the intestine. If this animal had been 
examined without the knowledge of its history it would almost cer
tainly have been put down as one of those cases in which the avenue 
of infection could not be positively determined. The lungs show 
much more extensive disease than any of the abdominal organs, and 
the bronchial glands show caseation, as well as some of the mesen
teric, and to an equal degree. This monkey was tested with tuber
culin before the experiment began, and was in perfect health when 
the feeding with tubercle bacilli commenced. The key to the situa
tion lies in the enlargement and caseation of the cervical lymphatic 
glands, indicating an infection through the tonsils or some neigh
bouring part of the upper digestive tract, though no lesion could be 
detected. We have here an undoubted food tuberculosis, yet the 
respiratory tract shows the chief involvement. Does not the same 
thing occur also in childrlcn, and more often than we suspect? 

With these facts in view it seems not impossible that an infection 
gaining entrance through the intestine may first appear in the lung, 
and thus be erroneously attributed to the respiratory tract. 

On one point al1 pathologists as well as clinicians seem to agree, 
that in children tuberculosis shows a marked tendency to become 
generalised, and this occurs with such rapidity that it is often im
possible to decide where the infection gained entrance. 
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The post-mortem statistics are gathered mainly from hospitals and 
asylums for children, and it is in children that we have most reason 
to fear infection by food, their diet consisting as it does so largely of 
cow's milk. The tremendous mortality of children from tuberculosis 
has forced us to pay particular attention to the study of the factors 
at work in early life, and a number of interesting and valuable 
analyses of autopsy records have been published, From England we 
get the most positive evidence of infection through the intestine, and 
the most striking proofs of its frequency, English pathulogists are 
practically unanimous in regarding the intestine as a frequent path 
of infection, the primary lesion being associated with this tract in 
about 25 per cent. of all cases, We may examine the figures given 
by some of the more recent writers on this point, 

Carr 1 examined 120 cases at the Victoria Hospital for Children, 
London, Of these, in 'eighty-two the disease was generalised, in the 
sense that the lesions in the different localities seemed to have a 
"common simultaneous origin from some infective centre, or else 
that there were several quite independent tuberculous centres in 
different parts of the body," In seventy-nine c<;J.ses the primary 
lesion was in the lung or bronchial glands; in twenty cases in the 
intestine or mesenteric glands; in six cases it was impossible to tell 
whether the respiratory or the digestive tract was first involved; in 
eleven cases widely separated caseous foci were found, and the primary 
lesion could not be located; in four cases no centres could be found, 
the lesions being generalised, 

Guthrie,2 at the Children's Hospital, Paddington, London, examined 
seventy-seven cases, He considered that in forty-two cases, or 54'5 
per cent., the primary lesion was in the respiratory tract; in nineteen 
cases, or 24'6 per cent., it was in the intestinal tract. Of the re
maining sixteen cases, the thoracic and abdominal organs were 
equally affected in seven; in six the origin was unknown, and in 
three otherwise accounted for, In only thirty-two cases could the 
origin of the tuberculosis be traced with certainty to the glands-to 
the thoracic seventeen times, and the mesenteric fifteen times, 

StilJ,3 at the Great Ormond Street Hospital for Children, in 769 
consecutive autopsies on children under twelve years, of age, found 
269 cases which showed tuberculous lesions, Of these 117, or 43'5 
per cent" were children under two years of age; and 56'5 per cent.-
more than half the total number-were children under three years of 
age, The origin of the disease was as follows :-

Lung 105 } 138=51'3 per cent, Probably lung 33 
Intestine 53 I 63 = 23'4 per cent. Probably intestine IOf 
Ear ~} 15 = 5'5 per cent. Probably ear 
Bones and joints 5 ! 
Fauces 

4~ f 53 =J9'8 per cent. 
Uncertain 

J Carr: "Lancet," 12th May 1894, p, 1177, 
, Guthrie: "Lancet," 4th February 1899, p, 286, 
3 Still: "British Medical Journal," 19th August 1899, 
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In forty-three cases in which death was due to other causes, such 
as diphtheria, heart disease, etc., the primary focus of infection could 
be determined with great certainty, as the tuberculosis had not be
come generalised. Among these the primary lesion was respiratory 
in twenty-six cases, or 60'4 per cent.; intestinal in sixteen, or 37'8 
per cent.; and in the ear three times., 

Dr Shennan,' of the Royal Hospital for Sick Children, in Edinburgh, 
found among 278 cases of tuberculosis 28'1 per cent. in which infec
tion had taken place by the intestinal tract, showing that the high 
percentage in which this route of infection is observed is not confined 
to London, where it might be supposed that conditions were such as 
to favour it specially. 

The few reports we have from America indicate that infection 
through the intestine is much less frequent than in England. 

Northrup 2 reports that among 125 autopsies in only three was the 
primary lesion found in the intestinal tract. In thirty-four cases, 
however, the disease was so general and far advanced that he was 
unable to determine the mode of invasion. 

Holt 3 among 119 tubercular children examined post-mortem found 
the intestines affected forty times and mesenteric glands thirty-eight 
times, but in no case did he consider the intestine as the route of 
invasion. 

Bovaird,4 in 1899, published the records of seventy-five autopsies 
011 tubercular children. In sixty cases infection had taken place 
through the respiratory tract; in eight the bronchial and mesenteric 
glands were equally involved, and in seven the records were incom
plete. He has recently 5 added the record of fifty cases, among which 
two cases of primary intestinal infection occurred. The number of 
indeterminate cases is not given. 

German statistics, as far as I have been able to obtain them, do 
not sustain Koch's position, although they indicate that primary 
intestinal tuberculosis is not so common in that country as in Eng
land, which we would hardly expect, considering the precautions 
prescribed in Germany and the lack of regulations in England. 

However, intestinal involvement in children appears to be quite 
frequent in most parts of Germany; and as many of the reports do 
not clearly indicate the primary seat of invasion, we are justified in 
believing that a fair proportion of these cases are due to intestinal 
infection. For example. the statement given by Koch and attributed 
to Baginsky~that among 933 cases of tuberculosis in childr?n he 
never found tuberculosis of the intestine without simultaneous dIsease 
of the lungs and bronchial glands-is entirely indefinite as to the 
primary seat of the disease and as quoted furnishes no ground what
ever for Koch to stand on. 

Against the figures given by Koch~wbich a~e confined to h~s own 
experience~the reports of Baginsky, and a senes of cases attnbuted 
to Biedert, we have the statement of Professor Hueppe 6 that" the 
number of these cases (primary intestinal tuberculosis) occurring in 

1 Shennan. Quoted by M'Fadyean, loc. cit. 
2 ~orthrup: "New York :Medical .Journal," 21st February 1891. 
3 Holt: "Medical News," 1896, Vol, LXIX., p. 657. 
4 Bovaird: "New York Medical Journal," 1st July 1899. 
v Ibid: "Archives of Pediatrics," December 1901. 
6 Hueppe: "Lancet," London, 31st August 1901, p. 610. 
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children is by no means so small as Koch alleged. The number of 
cases may be fairly reckoned as between 25 and 35 per cent. of all 
deaths of children from tuberculosis." 

Among fourteen children who died from other diseases, and in 
whom the existence of tuberculosi s was not recognised before death, 
Kossel l found tuberculosis of the bronchial glands ten times and of 
the mesenteric glands four times. I n twenty-two children who died 
of tuberculosis he found the disease confined to the intestinal tract in 
only one case. 

It is unnecessary to quote further statistics on this point. The 
extent of intestinal tuberculosis varies in different countries and in 
different parts of the same country-a fact which of itself indicates 
a local factor, such as the greater or less prevalence of tuberculosis 
in cattle. One cannot study such statistics as those given without 
being fully convinced that a very important proportion of the children 
who die of tuberculosis are infected through their food, and that the 
report made to the council . of the British Medical Association was 
justified, namely, that" the mortality from tuberculosis in early child
hood is not decreasing as it is at other ages in the United Kingdom; 
and the opinion that this great prevalence' of the disease in childhood 
is due to infection through the alimentary canal by milk from tuber
culous cows appears to be well founded." 2 

E;r:tent of Tuberculosis in Cattle.- It is well known and so uni
versally acknowledged that tuberculosis is a widespread scourge in 
cattle that it would be superfluous to give an array of figures showing 
the extent of its ravages in various countries. Those interested in 
this phase of the subject will find the latest statistics given by Dr 
Leonard Pearson in Bulletin N.o. 75, issued by the Commonwealth of 
Pennsylvania, Department of Agriculture. In studying such statistics 
it must be borne in mind that it is t~e milch cow, and especially the 
cow on the dairy farms near large cities, that is most apt to fall a 
victim to tuberculosis. In Pennsylv .. nia Dr Pearson 3 has found that, 
of the particular herds tested, about 13 per cent. of the animals had 
tuberculosis. Some herds show a very high proportion of diseased 
animals. Thus, for example :-

Among 174 cattle 
73 
22 

14 
20 

59 

166 were tubercular. 
59 
17 
14 
20 

53 
In other parts of the State tuberculosis is very rare or even un

known. These places are found in the interior counties, where .the 
stock is" nati ve" for the most part, or were stocked at a time when 
bovine tuberculosis was very little known in the United States. 

There has been and is considerable discussion as to the stage of 
the disease at which a tubercular cow becomes dangerous through 
the passage of tubercle bacilli into her milk. Some authorities hold 
that there must be actual disease of the udder for this to occur, while 

I Kossel: "Zeitschrift f. Hygiene, " 1896, Band XXI., p. 59. 
" Quoted by Still, loco cit. . 
3 Pearson: Commonwealth of Pennsylvania, Department of Agriculture, Bulletin No. 75, 

1901, p. 21. 
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o~hers believe that this is not necessary. As early as r893 Dr 
1 heobald Smith showed that the tubercle bacillus may be found in 
the milk of tubercular cows when the udder, so far as the naked eye 
could tell, was free from disease. In a series of experiments at the 
laboratory of the State Live-stock Sanitary Board of Pennsylvania 
the mixed milk of five cows was examined by intraperitoneal inocu
lation of guinea-pigs. These cows had reacted to tuberculin, but 
were in good condition and of fine appearance. Repeated examina
tions of the udders by several veterinarians failed to reveal any lesion, 
and examination after death of the animals gave the same negative 
results. No attempt was made to concentrate the bacilli; on the 
contrary, the whole quantity of milk was well shaken, in order to 
imitate as nearly as possible natural conditions, and moderate doses 
of milk (10 cc.) were used. Of eighty-eight guinea-pigs employed in 
this test sixty-three lived long enough for the development of tuber
culosis, and of these ten, or r 5·8 per cent., became tubercular. 

More surprising and more unusual are the results of Rabinowitsch 
and Kempner,! who inoculated the milk of fifteen cows into guinea
pigs, the experiment being made to determine whether or not the 
milk of cows having a tuberculosis which could be detected only by 
tuberculin, and not by physical examination, might be virulent. 
Three examinations were made by a veterinarian in the course of 
the experiment. Of the fifteen animals ten were found to give 
virulent milk, a percentage of 66·6. One cow gave milk which con
tained a yellowish, gelatinous material, and caused a fatal peritonitis 
in all animals inoculated. Leaving this out, the positive results 
amount to 71"4 per cent .. A1l of the cows had reacted to tuberculin, 
but none showed clinical evidence of udder disease when the experi
ment began. Of the ten giving virulent milk three showed advanced 
general tuberculosis, but no disease of the udder; two showed no 
evidence of disease at all; and one only on the second and third 
examinations. One cow had rales at time of first examination, but 
these disappeared, and she showed no evidence of disease after. On 
post-mortem one cow was found to have tuberculosis of the udder, 
and one showed clinical evidence of it on the third examination, 
made six months after the experiment was begun. The authors con
clude: "Milk may contain tubercle bacilli, first, in beginning tuber
culosis, without discoverable disease of the udder, and, second, in 
latent tuberculosis that can be detected only by the tuberculin re
action"; also, "milk from cows that react to tuberclllin must be sus
pected of being infectious in every case." 

With these results before us we must admit that while tuberculosis 
of the udder is the most dangerous condition, we cannot by any 
means regard the milk of cows with general tuberculosis, but the 
udders of which are free from disease, as being safe for food. \Ve 
must insist that danger is not limited to those herds which harbour 
one or more cows with udder tuberculosis. I cannot agree with those 
writers who attempt to belittle the dangers to which milk-fed babies 
are exposed by pointing out the comparative infrequency of tuber
culosis of the udder. Dilution with the milk of other cows free from 
tuberculosis no doubt lessens the danger, but does not remove it. 

Acid-fiist B.aci11i.-A few years ago Moller announced the discovery 
1 Rabinowitsch und Kempner: "Zeitschrift f. Hygiene," 1R99, Band XXI., p. 137. 
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of a bacillus having the morphology and staining reactions of the 
tubercle bacillus. He has shown that this bacillus and others closeiy 
allied to it may constantly be found in forage and in the fa:ces of 
animals fed on such forage. Petri, Rabinowitsch, Grassberger, Korn, 
and others have found the same or like bacilli in milk, butter, and 
margarine; Rabinowitsch has isolated one of the same group from 
a case of gangrene of the lung in man; Karlinsky has shown their 
presence in nasal mucus, and Marpman has found them in urine, so 
that we know that this group of" acid-fast" bacilli has a \Vide dis
tribution in nature. The property of resisting decolorisation by 
mineral acids was for a long time considered diagnostic of the 
tubercle bacillus. The discovery, therefore, of a comparatively large 
group of organisms having the same property, and being indis
tinguishable morphologically under the microscope, has served to 
throw some doubt on researches in which the microscope has been 
relied on entirely to demonstrate the presence of the tubercle bacillus 
in milk. Animals such as guinea-pigs and rabbits inoculated intra
peritoneally with cultures of these bacilli, or with milk, butter, etc., 
containing them, develop nodules which may sometimes be mistaken 
for tuberculosis. However, such mistakes must be rare, and there 
can be no doubt that the true tubercle bacillus passes into the milk 
of tubercular cows, as shown above. Reinoculation, microscopical 
examination of the tissues, and the isolation of cultures can be relied 
npon to clear up the diagnosis of any doubtful cases. 

Solution of tIle Problem.-In the solution of the problem before us 
the most directly valuable data will, I think, be obtained from the 
examination of cultures isolated from the abdominal organs of chil
dren in whom there is reasonable evidence of infection by the in
testinal tract. vVhen these culture>. are found to have a high degree 
of pathogenic power, and are able to infect cattle in moderate doses, 
we will be justified in saying that the children from whom they were 
obtained were infected in the first instance from bovine sources. By 
the examination of a large number of such cases we will, I believe, 
obtain very valuable information as to the frequency with which 
children are infected by milk. On the other hand, I do not consider 
that we can entirely exclude bovine infection even in those cases 
where the .abdominal organs yield a culture of feGble virulence, for 
the reasons that we at present know nothing of the effect produced 
on the bovine bacillus by prolonged residence in the human body. 
It is certain that the various types of tubercle bacillus known to us 
have sprung from a stock common to them all, and that they have 
acquired their racial peculiarities by residence .in different animals, 
through which they are subjected to a difference in food, temperature, 
and resistance. In other words, the struggle for life is carried on 
in the various species of animals under varying conditions, the result 
being that in each animal the tubercle bacillus acquires properties 
which best enable it to carryon life in that particular host. The 
acquisition of these peculiarities no doubt requires a certain lapse of 
time, but how much we do not know. We have experimental evi
dence that it does not require a great time to change the tubercle 
bacillus from a higher into a lower type. By the method of inocula
tion in the peritoneal cavity in collodion sacs Nocard 1 has shown 

1 Nocard: "Annale. de l'Institut Pasteur," September 1898, Vol. XII., No.9. 
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that in from five to eight months both the bovine and human bacillus 
can be made to acquire the cultural characteristics of the avian bacillus, 
and to a certain extent its pathogenic action also. A few passages 
from fowl to fowl during four to six months increased this greatly. 
By passage through the blind worm Moller I has in the course of a 
year so changed the human tubercle bacillus that it grows like the 
organism of fish tuberculosis, and has the same temperature reactions. 
It grows best at 20° C., and ceases to grow entirely at 30° C. The 
bacillus of fish tuberculosis, discovered by Dubard,2 had for its origin 
the human bacillus, the fish having fed on the sputum and dejecta 
from a patient far advanced in phthisis. The fish had been subjected 
to this for about a year before the disease was noticed. 

\-\lith these facts before us I do not think we are forcing a point in 
believing that it is at least possible for the bovine bacillus to become 
rapidly so changed in the body of man that it will show the cultural 
and pathogenic peculiarities which we find usually in cultures of 
huma n origin. For these reasons our observations should be made 
by preference on cases which are rapid and acute. 

Conclusio1Z.-The evidence at hand forces us to conclude that human 
and bovine tuberculosis are but slightly different manifestations of 
one and the same disease, and that they are intercommunicable. 
Bovine tuberculosis is, therefore, a menace to human health. We 
are not in a position at present to define positively the extent of 
this danger, but that it really ex ists cannot be denied. In the past 
there has probably been a tendency to exaggeration, but however 
great this may have been, it does not now justify any attempt at be
littling the risk, and it is folly to blind ourselves to it. 

The eradication of bovine tuberculosis is amply justifiable from a 
purely economical standpoint; viewed in its bearing 011 human health 
it becomes a public duty. 

A CASE OF SUPERNUMERARY DIGIT IN THE OX. 

By J. T. SHARE JONES, M.R.C.V.S., Demonstrator of Anatomy, 
Royal Veterinary College, London. 

{T is due to the courtesy of the Editor of this j ournal, who very kindly 
placed the specimen at the writer's disposal for dissection, that the 
following account of a most inte restin g specimen is submitted. 

The subject is the pes of an ox, showing a most perfectly formed 
supernumerary digit, which is of interest more on account of the per
fecti on of its development than of the scarcity of such a specimen. 

A ccounts of cases of supernumera ry digits in the horse and ox are 
not by any means rare, but, as a rule, in such instances the abnormal 
digit does not show a degree of development anything like approach
ing that attained by the normal ones, and is also usually more or less 
of a deformity. In this case, however, as a glance at Fig. I will show, 
the abnormal digit, in addition to being to a certain extent \veight
bearing, which is in itself somewhat remarkable, is most symmetrical 

1 Moller: "Lancet, " 27th July 1901, p. 204. 
2 Dubard : "La Revue de lit Tuberculose," Avril 189S. 




